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[57] ABSTRACT

An attemperator in the form of a steam desuperheater is
disclosed herein and comprises a water tube adapted to
be connected to a source of water under high pressure
and a spray tube communicating with the water tube
through a flow-control device for controlling the flow
of water from the water tube to the spray tube. The
spray tube is adapted to be located in a steam line for
injecting cooling water into the steam when its tempera-
ture exceeds a predetermined temperature and accord-
ingly 1s formed with one or more nozzles for injecting a
spray of water travelling along an expanding swirling
path into the steam, the water being atomized into small
droplets which easily evaporate in the steam. Prefera-
bly, a plurality of nozzles are provided arranged in rows
extending axially of the spray tube and the rows are
circumferentially spaced apart. Also, the nozzles prefer-
ably communicate with the inside of the spray tube
through a series of small ports. A piston movable axially
within the spray tube controls the quantity of water
discharged into the steam.

10 Claims, 4 Drawing Figures
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ATTEMPERATOR

This 1invention relates to attemperators for spraying
one fluid into another fluid to obtain or maintain a spe-
cific characteristic in the other fluid. A common form
of attemperator is a desuperheater by which cooling
fluid 1s sprayed into a flow of steam to reduce the tem-
perature a degree of superheat of the steam.

Systems utilizing steam as a source of energy are
designed to operate with the steam at a particular tem-
perature and pressure. Usually the steam being fed from
the steam boiler is superheated so that it is possible that
the device which utilizes the energy of the steam can
receive steam at a higher temperature than that re-
quired. To maintain the desired temperature conditions,
it is usual to cool the superheated steam to a lower
temperature by utilizing a desuperheater inserted into
the steam line which injects cooling water into the

steam.
In order to effectively control the temperature of the

steam, several requirements are imposed on the opera-
tion of steam desuperheaters which requirements must
be concurrently satisfied. One of the more important
requirements imposed on steam desuperheaters is the
requirement that the amount of cooling water supplied
to the steam line be precisely controlled. Obviously, too
much or too little cooling water will not accurately,
maintain the temperature of the steam. Another impor-
tant requirement is the requirement that the cooling
water be injected into the steam line in a form which
facilitates its evaporation in the steam. If the cooling
water does not evaporate quickly it will collect at the
bottom of the steam line and evaporate in a more or less
uncontrolled manner which makes precise control of
the steam temperature almost impossible. Another im-
portant requirement is the requirement that the cooling
water be distributed in the steam line in a generally
uniform pattern so that the temperature of the steam is
reduced uniformly throughout.

Accordingly, it is an object of this invention to pro-
vide an attemperator or steam desuperheater con-
structed and arranged to provide for relatively precise
control over the amount of cooling water injected into
a steam line. |

It is another object of this invention to provide an
attemperator or steam desuperheater constructed and.
arranged to inject the cooling water into the steam line’
in the form of small droplets which can easily evaporate.
in the steam.

It is still another object of this invention to provide a
steam desuperheater constructed and arranged to pro-
vide a generally uniform distribution of the cooling
water in the steam. - |

Finally, it is another object of this invention to pro-
vide a steam desuperheater that provides for the precise
control of the amount of cooling water injected into the
steam, that injects the cooling water into the steam in a
form which allows for easy evaporation, that distributes
the cooling water in a generally uniform manner
throughout and which is relatively simple, rugged and
economical.

These and other objects of this invention are accom-
plished by providing a steam desuperheater comprising
a water tube adapted to be connected to a source of
cooling water under high pressure and a spray tube
adapted to be inserted into a steam line. Flow-control
means is provided between the water tube and the spray
tube for controlling the flow of cooling water from the
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former to the latter. Formed through the wall of the
spray tube are a plurality of nozzle means for injecting
a spray of cooling water travelling along an expanding
swirling path from the spray tube into the stcam line.
Because of the high pressure differential between the
cooling water and the steam, the spray of water is atom-
ized into small droplets which easily evaporate in the
steam and reduce its temperature.

Preferably, the nozzle means are axially spaced apart
along the spray tube and the flow-control means in-
cludes a plug member slidably received in the spray
tube and in sealing engagement therewith such that
sequentially uncovers and opens the ‘nozzle means
whereby the amount of fluid injected from the spray
tube into the steam line can be controlled. Also, a plu-
rality of small ports communicate between the interior
of the spray tube and a particular nozzle means such
that as the plug member moves axially, the number of
ports allowing the passage of cooling water from the
spray tube to the particular nozzle means is also con-
trolled to regulate the amount of water distributed
through each nozzle.

It has also been found preferable to arrange the noz-
zle means in a plurality of spaced apart axially extending
rows. By selecting suitable circumferential spacing the
distribution of the cooling water in the steam can be
accomplished in a more uniform manner.

The preferred nozzle means for injecting the fluid
into the steam line includes a vortex chamber associated
with generally tangentially arranged inlet passages
whereby the fluid is imparted with a whirling motion as
it enters the vortex chamber. Adjacent the vortex cham-
ber there is provided .a conical nozzle means which
imparts a conical shape to the whirling fluid as it is

‘injected into the steam:.

For a better understanding of the invention, reference
is made to the following description of a preferred em-
bodiment thereof with reference to the figures of the
accompanying drawing in which:

FI1G. 1 is a side view of a steam desuperheater in
accordance with this invention inserted in a steam line
portions of which are broken away for the sake of clar-
ity;

F1G. 2 is a partial sectional view of a portion of the
steam desuperheater illustrated in FIG. 1;

FIG. 3 1s a perspective view partially in section of the
same portion of the steam desuperheater illustrated in
FIG. 2; and,

FIG. 4 is a sectional view taken along line 4—4 of
FIG. 2.

Referring now partlcularly to FIG. 1 of the drawing,
there is illustrated one form of an attemperator 10 con-
structed in accordance with this invention and inserted
in a steam line 12 for injecting cooling water into the
steam line when it contains superheated steam or when
it is otherwise desirable to cool the steam. The attem-
perator, or desuperheater as shown in this embodiment,
includes a water tube 14 and a spray tube 16 coaxial
with and in communication with the water tube. At-
tached to the water tube 14 is a water chamber 17 in-
cluding a generally conventional flanged coupling 18
for connecting the water tube to a source of cooling
water under high pressure. Extending from the water
chamber 17 concentrically around the water tube 14 is
a collar member 20 that terminates adjacent the spray
tube 16 and which is utilized for coupling the attemper-
ator to the steam line 12. Any of a variety of coupling
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members can be utilized, and in this embodiment the
collar member 20 is illustrated as welded to the steam
line about a generally circular opening formed in the
wall of the steam line through which the spray tube 16
extends. 5

Referring briefly to FIG. 2 of the drawing, a flow
control means is illustrated for allowing or preventing
flow of the cooling water from the water tube 14 to the
spray tube 16 and for regulating the flow from the spray
tube to the steam line 12. The flow control means in-
cludes a valve seat 22 and a plug member 24 connected
to an operating rod member 26. Now referring back to
FIG. 1, a control mechanism (not illustrated) is located
in a housing 28 for operating the rod member 26 and
controlling the flow control means. The control mecha-
nism can be any suitable type generally conventional in
the art and is not described in detail. However, it should
be noted that conventional control mechanisms gener-
ally include a temperature sensing probe inserted in the
steam line 12 downstream of the attemperator 10 which
senses the temperature of the steam. This temperature
measurement is used to determine the amount, if any, of
cooling water that must be injected into the steam to
maintain the desired temperature. In response to this
determination the control mechanism operates the oper-
ating rod member 26.

Referring now to FIGS. 2 and 4 of the drawing, it can
be seen that the water tube 14 and the spray tube 16 are
axially aligned hollow cylindrical members secured
together as by welding and in communication at their
adjacent ends. The opposite end of the water tube 14
communicates with the water chamber 17 and the oppo-
site end of the spray tube 16 is closed by an end wall 30.
At the end of the spray tube 16 there is a reduced diame-
ter portion forming a flow passage 32 and a shoulder 34
on which the valve seat 22 is carried. The plug member
24 includes a conical surface 36 and a cylindrical surface
portion 38 slidably received in the spray tube 16 and in
sealing engagement with its interior wall. Movement of
the operating rod member 26 moves the plug member 40
between one position wherein the conical surface por-
tion 36 bears on the valve seat 22 to prevent the flow of
cooling water into the spray tube 16 and other positions
wherein the plug member is spaced from the valve seat
to allow the flow of cooling water into the spray tube. 45

Carried in the spray tube is a nozzle arrangement for
discharging cooling water from the spray tube into the
steam line. As will be explained hereinafter, the nozzle
arrangement includes a plurality of nozzle means 40q,
405, 40c, 40d, 40e¢ and 40f each of which injects the 50
cooling water as a swirling spray travelling along an
expanding helical path into the steam line. Because of
the relatively large pressure differential between the
water which is at a relatively high pressure and the
steam which is at a significantly lower pressure, the
swirling spray of water breaks up or atomizes into tiny
droplets which easily evaporate in the steam. The ex-
panding conical flowpath provides for a more uniform
distribution of the water droplets in the steam.

The nozzle means are arranged in a plurality, prefera-
bly two, rows each of which extend axially along the
spray tube 16 and each of which include a plurality of
nozzle means. As illustrated in the drawing, one row
includes nozzle means 40a, 405, and 40c and the other
row includes nozzle means 404, 40¢ and 40f Preferably, 65
all of the nozzle means in each row are axially aligned
and the two rows are spaced apart circumferentially to
provide a more uniform distribution of the water in the
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steam. In the preferred embodiment disclosed herein,
the spacing between each row is approximately 90°, but
it should be understood that any suitable spacing can be
utilized. Thus, the rows may be closer together or far-
ther apart, but preferably should be no farther apart
than 180°.

As best seen in FIG. 2 of the drawing, the nozzle
means in one row are offset in the axial direction from
the nozzle means in the other row, that is, a transverse
plane through the center of any nozzle means will not
include the center of another nozzle means. Preferably,
the offset is such that the center of a nozzle means in one
row is located at about the midpoint between adjacent
nozzle means in the other row. For example, the center
of nozzle means 40d is located at the midpoint of the
axial distance between nozzle means 40z and 4056, but
circumferentially spaced therefrom. With this arrange-
ment, it is possible to control the amount of water fed to
the steam line. Since the cylindrical surface portion 38
of the plug is in sealing engagement with the interior
wall of the spray tube 16, it should be clear that as the
plug member 24 is moved from the seat 22 toward the
end wall 30, it uncovers the nozzle means sequentially

in the following order: 40a, 40d, 40b, 40¢, 40c and 40f.

As each nozzle means is uncovered cooling water can
flow from the interior of the spray tube 16 through the
uncovered nozzle or nozzles into the steam line. Ac-
cordingly, by controlling the position of the plug mem-
ber 24 the number of open nozzle means and conse-
quently the amount of cooling water injected into the
steam line 12 can be controlled.

Each of the nozzle means is operative to discharge
the cooling water as a swirling spray travelling along an
expanding helical path. Since the nozzle means are all
the same, only one will be particularly described and,
for the sake of clarity on the drawing, reference numer-
als will be applied only to the nozzle means 40a. Each
nozzle means includes an annular chamber 42 that com-
municates through a plurality of small ports 44 with the
interior of the spray tube 16. The ports 44 are spaced
apart throughout generally one-half of circumferential
extent of the annular chamber 42 with ports 44 of the
nozzle 40a, b and ¢ being in the upper half of the cham-
ber and the ports in chambers 40d, e and f also being in
the upper half of the chamber. As the plug member 24
moves axially along the spray tube 16, the cylindrical
portion 38 can uncover one or any combination up to all
of the ports 44 associated with each nozzle mezans to
regulate the amount of cooling water supplied to each
nozzle means. The ports 44 can thus be said to open
sequentially. Each annular flow chamber 42 communi-
cates with a generally cylindrical vortex chamber 46
through a pair of passages 48, 48. As best seen in FIG.
4, the passages 48, 48 are arranged tangentially with
respect to the vortex chamber 46 so that as the fluid is
discharged from the annular flow chamber 42 to the
vortex chamber 46, it is imparted with a swirling mo-
tion. Communicating with the vortex chamber 46 are
first and second conical surfaces 50 and 52 which pro-
vide a conical shape to the swirling water which is then
discharged through a generally cylindrical port 54 and
begins to expand as it is discharged to provide the ex-
panding conical shape. The thickness of the cylindrical
port 54 is exaggerated in the drawing, it being realized
that the thickness should be as small as possible, but that
due to the relatively high pressure of the cooling water,
must have some appreciable thickness to withstand the
pressure forces. While two conical surfaces S0 and 52
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are disclosed it should be understood that only one need
be provided, but the use of two is preferred to facilitate
shaping the water flow into a conical shape having a
relatively small included angle.

In use the attemperator 1s mounted to the steam line
12 through the mounting collar 20 such that the spray
tube 16 extends into the steam line with the nozzle
means 40z, 40b, 40c, 48d, 40e and 40f facing the gener-
ally downstream direction of the steam line. The spray
tube 16 can be inserted through a slightly oversized
opening in the steam line 12 and the mounting collar 20
can be welded in place around the opening to prevent
the escape of steam. A source of water under extremely
high pressure is attached to the flange coupling 18 so
that the water flows through the water chamber 17 into
the water tube 14. Temperature sensing probes associ-
ated with the control mechanism are inserted into the
steam line 12 downstream of the attemperator 10 a suffi-
cient distance to allow for cooling water to be evapo-
rated and lower the temperature of the steam. Thus, the
temperature sensing probes read the temperature of the
cooled steam to more accurately control the amount of
water being injected into the stcam line.

With conical surface portion 36 of the plug member
24 bearing on valve seat 22, there is no flow of cooling
water from the water tube 14 and the spray tube 16.
When the temperature of the steam increases above the
desired temperature, the control mechanism operates

the rod member 26 moving it and the plug member 24
toward the end wall 30. As the plug member 24 moves

the conical surface portion 36 no longer bears on the
valve seat 22 allowing the cooling water to flow into
the spray tube 18. As the plug member 24 continues to
move the circular surface portion 38 eventually uncov-
ers some of the ports 44 associated with the nozzle
means 40a. At this point cooling water flows through
the uncovered port 44 to the annular chamber 42,
through the tangential ports 48 into the vortex chamber
46 and then through the conical portions 30 and 52.
From the conical portions 50 and 52 the cooling water
is discharged through the cylindrical port 54 as a swirl-
ing spray travelling along an expanding helical path. As
noted previously the water breaks up into tiny droplets
after it is discharged which droplets easily evaporate in
the steam. If more cooling water is required, the plug
member 24 is moved farther away from the valve seat
22 until all of the ports 44 associated with nozzle means
40c are uncovered and if still more cooling water 1s
required is moved opening ports 44 associated with
nozzle means 44d, then 44b, then 44¢, then 44¢ and
finally 44f Movement of the plug member 24 can be
stopped at any point between valve seat 22 and end wall
30 when the proper amount of cooling water 1s being
discharged to maintain the desired temperature of the
steam in the steam line 12. Obviously if the temperature
of the steam in steam line 12 decreases to a temperature
where less or no cooling water is required, the plug
member 24 is moved back toward the valve seat de-
creasing the amount of water discharged into the steam
line and if necessary can stop the flow of cooling water
into the spray tube 16.

From the preceding it shounld be clear that an attem-
perator has been provided that can control the amount
of cooling water discharged through any nozzle means
and can control the total amount of cooling water dis-
charged into the steam line and that the water 1s dis-
charged through the nozzle means in a form that easily
evaporates in the steam. In addition, because of the
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arrangement of the nozzle means in a plurality of rows,
cooling water can be uniformly discharged into the
steam. |

While in the foregoing, a preferred embodiment of
the invention has been described it should be obvious to
one skilled in the art that various changes and modifica-
tions can be made without departing from the true spirit
and scope of the invention as recited in the appended
claims. | '

I claim: - | | |

1. An attemperator for spraying a liquid into a gase-
ous stream, said attemperator comprising a spray tube,
means for connecting said spray tube to a high pressure
source of liquid, valve means at the entrance to said
spray tube for allowing or preventing the flow of liquid
into said spray tube, a plurality of nozzie means on said
spray tube injecting a fine spray of liquid droplets trav-
elling along an expanding helical path from each nozzle
means inio the gaseous stream, a plurality of small ports
formed in said spray tube with some of said ports being
spaced about each nozzle means, each of said small
ports communicating between the interior of said spray
tube and said nozzle means and each one of said small
ports being axially spaced from the other of said small
ports, said valve means including a plug member slid-
ably received in sealing engagement with the interior of
said spray tube whereby said plug member opens said
ports sequentially and controls the flow of liquid of
each of said nozzle means. ' |

2. An attemperator in accordance with claim 1
wherein said nozzle means are arranged in a plurality of
rows extending axially along said spray tube, said rows
being circumferentially spaced apart and each nozzle
means in a row being offset in the axial direction from
the nozzle means in an adjacent row so that a liquid can
be discharged through a nozzle means in one row and
then a nozzle means in another row.

3. An attemperator in accordance with claim 2
wherein the center of any nozzle means in one row is
located at approximately the midpoint between adja-
cent nozzle means in an adjacent row.

4. An attemperator in accordance with claim 1
wherein each said nozzle means includes a vortex cham-
ber and generally tangential inlet ports whereby the
liquid 1s imparted with a whirling motion as it enters
said vortex chamber.

5. An attemperator in accordance with claim 4
wherein an annular chamber communicates with said
tangential inlet ports and wherein said ports communi-
cate with said annular chamber for providing communi-
cation between said spray tube and said annular cham-

‘ber.

6. An attemperator in accordance with claim 5
wherein each said nozzle means further includes a coni-
cal portion communicating with said vortex chamber
for imparting a conical shape to the whirling liquid.

7. An attemperator in accordance with claim 6
wherein said relatively small ports are spaced in se-

“quence so that the opening of the first port in the fol-

lowing nozzle will occur after the opening of the last
port in the preceding nozzle.

8. An attemperator in accordance with claim 1
wherein said ports extend around a portion of each of
the periphery of said nozzles located closest to said
entrance to said spray tube whereby all of the ports
around a nozzle are opened before any ports around the
following nozzle are opened.
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9. An attemperator in accordance with claim 1
wherein the ports spaced about any nozzle means ex-
tend around only the upper half thereof.

10. An attemperator for introducing a liquid into a
gaseous stream passing through a pipeline comprising a
liquid tube, means for connecting said liquid tube to a
high pressure source of liquid, a spray tube in communi-
cation with said liquid tube, mounting means for cou-
pling said device to the pipeline so that said spray tube
extends into said gaseous stream, flow control means
between said liquid tube and said spray tube, said flow
control means including a seat member and a plug mem-
ber cooperating with said seat to allow or prevent the
flow of liquid from said liquid tube to said spray tube, a
plurality of nozzle means on said spray tube, said nozzle
means being arranged in a plurality of rows each ex-
tending axially along said spray tube and being circum-
ferentially spaced apart by an angle no greater than
180°, the nozzle means in one row being offset in the
axial direction from the nozzle means in adjacent row,
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each said nozzle means including an annular chamber
communicating with said spray tube through a plurality
of relatively small ports, a vortex chamber, and at least
one tangential port communicating between said annu-
lar chamber and said vortex chamber tangentially ar-
ranged with respect to said vortex chamber whereby

liquid discharged from said annular chamber to said
vortex chamber is imparted with a whirling motion,

each said nozzle means further including a conical por-
tion communicating with said vortex chamber for im-
parting a conical shape to said whirling liquid, and a
cylindrical port through which said liquid is discharged
into said gaseous stream as a fine spray travelling in an
expanding helical path, said plug member being in shid-
ing engagement with the interior of said spray tube
whereby said plug member sequentially opens each of
said nozzle means and said relatively small ports com-

municating with said annular chambers.
*x %* %X x%x %
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